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> S E, "- From digitalisation to augmented reality
Introduction

C Utilizatioof TerrestridlaseiScanningT LS)ntensitgatainvarioustudie®.9.
A Changeletection
A Deformatianonitoring
A Materiatlassification

C Radiometranrrectionf TLSdatais animportargtepindataprocessing
A Reduc¢heerrotinthedata

C Inthispaperahybridnethodiorcorrectinmtensitgatahasbeempresented
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) "' From digitalisation to augmented reality

Introduction

C Theproposetdybrianethodimsataddressingyvoissues
A Neadistanceffectsorscanningneasuremertiskerl to6 metres
A TargesurfaceéoughnesasexpoundeiththeOreANayareflectanceodel

C Theproposetiybridnethochasbeenappliedo correctoncreténtensitylatathat
wasacquiredsinghelLeicaHDS000aserscanner

C The resultsof this proposecdcorrectiormodelare presentedo demonstratés
feasibilitgndvalidity
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: - 2R From digitalisation to augmented reality
Why Correction of Intensity Data?

C Essentialueto systematieffectsntheLIDARsystenparamete@ndmeasurements
andinordetoensurghebestaccuracgfthedeliveregroductéHabiletal, 201).

C Converthelaserreturnedntensityecordedy the laserscanneto a valuethatis
proportion&dtheobjecteflectance

C Astandarintensitgorrectiomethodhatcanbeapplicabléorallthevariousypesof
laserscanners nonexistenfPenasatal, 2014.

A Howeverin Tanand Cheng(2019, it is purportedhatthe proposedntensity
correctiomethods suitabléorall TLSInstruments

Platinum Sponsors:

©esri ©Trimble




7 FIG WORKING WEEK 2017/

4 ," 1, Surveying the world of tomorrow - Helsinki Finland 29 May - 2 June 2017

s : From digitalisation to augmented reality

Why Correction of Intensity Data?

C Someofthelaserscanningesearchvorkarestillbeingpublishedithoutheintensity
datahavindeenrcorrecte(Krooketal, 2013.

C Inthecaseof Airbornd.aserScanningALS)the subjecbf intensitglatacorrection
hasanoldhistorcomparetb TLS(Kaasalaineztal 201).

C Correctioof TLSintensitgatais stillanopenareaofinvestigatian.
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Aim of Study

C Modellinghevariableshathavean effectontheintensityaluef thelaserin this
casetheeffectofthemeasuremerdngeandincidencangle

C Investigatiofocusedon usingexistingmodelsof laser behaviouto developa
correctiomodeforTLSintensitgatathatis alsocapabl@faddressingeardistance
effectandsurfac@oughnessfthetarget

A NotallobjectareperfecLambertiareflectors

C The proposedybridintensitycorrectiormethodis basedon the radarequation
(Jelaliar 993, neardistanceorrectiomode(Fangetal, 2019 andtheOrenNayar
reflectancenode(Carre&tal, 2016.
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Experlmental Procedure
Target Objects: Concrete Specimens

C PrismaticoncretbeamgFig 1) wereusedasscanningargebbjects
C Surfaceoughnessfthescannedbjectvasofinteresinthisstudy

C Foreasydentificatiotheconcretspecimenaerdabelleds BlockC,Blockl, Block
2, Block3 andBlocl4.

Whyconcretewasused?

C Widelyisedconstructiamaterial

C Manystructurearemadeofconcrete

C Ongoingstudyoffiredamagedoncrete
C Changeletectionfconcretstructures
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Experimental Procedure

Scanning Room and Equipment

C Experimentsvere conductedunder controlledaboratoryconditions The factors
affectinghereturnedhtensityndeisuchconditionarethescanningeometrgndthe
iInstrumentaffects

C Sinceheexperimentserecarriesutina controllednvironmerandatshorranggl
to6m),atmospheriossesvereneglected

C ThelLeicaHDS000laserscanne(Fig 2) wasusedto scanthe concretspecimens
andthetechnicapecificatiomdgthisscanneareaspresentenh Tablel below

Platinum Sponsors:

©esri ©Trimble




Surveying the world of tomorrow -

FIG WORKING WEEK 2017/

Helsinki Finland 29 May - 2 June 2017

. / i ”/
. s " From digitalisation to augmented reality

Experlmental Procedure
Equipment Used

Table. 1: Specifications Scanner

Scanner LeicaHDS 000
Rangingnethod Phase
Wavelength 1500m
FieldofView(Ver/Hor) | 32@x 36@
LaserClass 1

Range 0.3-18'M
Lineariterror Olmm
Samples/sec 1016000
Beandiameter ~3.5mm@0.1m
Beandivergence <0.3mrad
Tem@Range 04% C
Colour External
Weight 9.8kg

e
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X : From digitalisation to augmented reality

Experimental Procedure

Measurement Setup and Data Acquisition

C Themeasuremenlistancebetweerthe HDS000scannerand the targetobjects
(concretepecimensyererangingroml to6 metres

C Thesteeframevherdheblocksvereplacedvaslevelledisingaspiritevel

C Distancespto 6m in stepsof 1m weremeasuredsinga totalstatiorso as to have
scanstakenfromweHlknownaccuratalistancesThe geometryf the experimenn
termsofscanningheasuremeséetups shownnFig 3.
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> From digitalisation to cugmented reality
Measurement Setup

— Surface normal
—— Laser beam
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Fig. 3: Laser scanner and blocks at different levels on a frame
(Letters A, B, C, D and E stand for shelf levels).
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Data Processing

Scan Data Pygrocessing

C TheHDSO000scanswereconvertedo textfiles(.pts formatusingthe Z + F laser
controsoftware

C Thescansvhichwereconvertetb textfilescontainethegeometridataintermsof X,
Y andZ coordinatas a Cartesianoordinatsystenaswellasradiometrdatai.e. the
Intensityaluedorthe3D coordinates

C Theintensityalueofdataconvertetbtextfileswererangingrom-204 20+2048
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C TheoutputCartesiartoordinatesan be convertedo spherica(range zenithand
azimutlanglestoordinatasasedna zeroorigirforthe TLSinstrumerasdescribed
INEq (1) (Soudarissanaatal, 2009:

\/x§+yf + 72

tan~ (ii) [1]

6
. oo Z
d)‘ i=1..n tan~! L
’xl-2+y1.2
= S =={] PG

—
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From digitalisation to augmented reality

Intensity Data Correction
C Radafrangegquation

P DE
= a2 Nsyslatm® 2]

WhereP isthereceivegowerp, isthepowetransmitted) isthereceiveaperturelRis
therangebetweerthe scanneandthetargetf, is thelaserbeamwidth (i is thecross
sectiomfthetargetd, .andd,,aresystenandatmospherfactorsespectively
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X : From digitalisation to augmented reality

Thecrosssectionl canbedescribedsfollows

o= T pA, 3]

Wherey isthescatteringolidangleofthetarget; isthereflectivitgfthetargeandA, the

areailluminatioy the laserbeam Underthe followingassumptionkqg (3) can be

simplifiedFirst, the entirefootprintis reflectedon one surfaceand the targetarea

iluminatioA, is circulamhenceadefinedytherangeR andlaserbeamwidthb. Secondly,
thetargethasa solidangleof * steradiall & 2" forscatteringhtohalfsphere)Thirdly,
thesurfacénasLambertiascatteringharateristicd theincidencanglesregreatethan

zero( B0A, 0 hasaproportionalibfcosU(H fleandPfeifer2007:

nRzﬁf

A== [4]
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Substitutingy, inEq (4) intoEq (3) leadda

o= npRZ,chosa [5]

Substitutingq (5) intoEqg (2) resultsntoa squaredangewnhichs inverselyelatedothe
returnediasersignalEq (6)), andindependeintf thelaserheamwidth(H6fleandPfeifer,
2007.

PD;p
AR? IlSysnatm

5= cosa [6]
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Considering the assumption that the target object has Lambertian scattering properties and
covers the entire hemisphere implies a solid angle of 1 steradian and so the effective

aperture D,% = 4 s equivalent to . With these assumptions factored into Eq. (2), the radar
range equation can be rewritten as described in Eq. (7) (Soudarissanane et al., 2011):

Picosa [7]

Pr=—7—1pNg N

In terms of TLS systems, Eq. (7) can be written as:

Pr v K pl;:(z)sa [8]

y 2 : - : .
Where the term K = (PtDT /4 sysNaem N the original radar range equation (Eq. (2)) is

taken to be a constant. The power received, P, is taken to be equivalent to the recorded laser
returned intensity. The reflectance, incidence angle and range are as defined above.
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NeaFDlstanceCorrection

Accordintp Fangetal (2015, fora coaxialaserscannetheneardistanceffecicanbe
describedstheratiooftheinputasersignathatthedetectocapturebetweethelimited
ranggR)andunlimitedangg BasshownnEqg (9).

¥ 2
nR) =28 = ¢ —exp{ 2R ]2} (9]

p() Dz[(l—s—d)R+d—T+sd

Whergy is theradiusof the circulataserdetectorl is the offsetbetweenhe measured
rangeR andtheobjectistancéromthelensplaneD is thediameteofthelens,S, isthe
fixeddistanceof the detectofromthe lensandf is the focallength All of whichare
parametersfthelaserscanneiCombiningqg (9) withEqg (8) andtakingntoaccounthe
neardistanceffecttherecordedawintensityl. ) valuecanbewritteras

How % Pr=1(R) 27— [10]
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s "' From digitolisation to cugmented reality
Orer®NayamReflectancdodelis-a-vis TargelSurfacd?oughness

TheOreiiNayamodels a Bidirection&eflectancBistributiorunctiofBRDF§inceit
modelghereflectanceithregardso boththeincidencandthereflectionlirectionThe
OrefiNayamodels expresseththefollowinfprm

L = pEcos6;(A+ BMax[O, cos(¢p, — (,bi)]sinatanw) [11.1]
2
A=1.0— 0.5 lowe [11.2]
Sgope+0.33
2
B = 0.45 - slope__ [11.3]
0210pe+0-09

Wherd is theradiancek is theradianfluxreceive@t normaincidencanglen radians} isthe
materiateflectivity)is theincomingndy theoutgoinghcidencanglez, and?; arethereflected

andincidenviewingzimutltanglen radiansandﬁslopeasthestandaraﬂeviatiormftheslopeangle
distributiom radians
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From digitalisation to cugmented reality

Inthe OreANayareflectanceodelanimportanparametewhichmodelgheeffectof a
facetedurfac@nreflectiors thestandardeviationftheslopeangleoffacetsi,,,.

Accordintp Carreaetal (2016, themodeEqg (11) canbeappliedn TLSsystemsvhere
In termsof theconfiguratiotheincidencandreflectedaysarecoinciderds expressed
below

yields

. — ¢, —O—>cos(¢r—q§i)= 1 [12]
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From digitalisation to augmented reality

Therefor&q (11) whichis a BRDFcanbeturnedntoa nonBRDFwvhereJtheincoming
incidencanglas equatoy theoutgoingicidencangleandthenrewritteas

L = pEycosa(A + Bsinatana) [13.1]
2
A=1.0— 05—k [13.2]
' " 0% 10pet0.33 '
2
B = (.45 ——ee [13.3]
T 021opet0.09 '
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Hybrld/ ImprovebhtensitycorrectionModel

Since Eg. (10) has K as a constant, it can be simplified and rewritten as:

(R) pcosa (14]

raw -

The correctedntensity(l.,,) valuecan be computeds followsconsideringhe near
distanceffectsmaterialeflectivityncidencangleandrange

Leorr = Lraw-{n(R) 57~} [15]
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e "' From digitalisation to augmented reality

ThisintensitycorrectiofEq (15) can be usedfor perfectdiffusescatteringurfaces
Howevefforsurfacesvithmicrefacetghiscorrectiomwouldnotworkwellandsothereis
needto integratéhestandardleviationf theslopeanglesinceeachfacetonthesurface
hasits ownnormalThusa hybridntensitgorrectiomodethatconsiderseardistance
effectsand also integrateshe OreaNayarmodelis proposedo improvehe intensity
correctian

et { (R) pcosa(A+Rstinatana)} (16.1]
2
A=10- osﬁ [16.2]
= 0.45 ilope [16.3]
Slope+0'09
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Determinationf std devof theslopeangleof facets(ﬁslope)

ThestandardeviatiooftheslopeangleoffacetgU,,) wasdetermineasin Carreatal
(2016. Anoptimall,,. valuewascomputesvhichwouldgivea minimavariatiorof the
correctedintensityby taking into consideratiothe differentincidenceangles An
optimisatiofunctiorwasemployedh orderto calculat¢he optimabalueof Uy,. The

functioms aswrittennEq (17) below

1 n

Orsnaiglf(o-slope) 4l

1 n
1 (Icorr%o (Gslope)) > ;Z 1 (Icorrggo (Gslope))‘ [1 7]

=

=

Platinum Sponsors:

©esri ©Trimble




FIG WORKING WEEK 2017/

Surveying the world of tomorrow - Helsinki Finland 29 May - 2 June 2017

From digitalisation to augmented reality

Reflectlwtyof variougypesof concreteat differentvavelenghth$heHDS000scanner
hasa wavelengtaf 150@imandthereflectancef concretevastakento beintherange
betwee.300to0.400 Theconcretesednthestudywasgrayandwithsomeaoughness

1
1.000 1 — Concrete with granite (light
’ ; gray and weathered)
0.900 - Concrete (matt texture; gray
] and white weathered)
0.800 I Concrete with quartz (gray,
0.700 smooth and clean)
' . | —— concrete with quartz and
@ 0600 limestone (gray and slightly
(5] - 1 .
c . soiled)
] ; L——Cement (light brown)
o 0.500 -
2 1
Q -
0.300 /’ = = —
1 .
/ !
0.200 — . \/Bd
1
0.100 i
0.000 '

0 500 1000 1500 2000 2500
Wavelength [nm]
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RESULTS AND ANALYSIS
IntensityStandardeviation
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